
Ris0-R-938(liN)

l l l l l l l
DK9701056

Assessment of Environmental
External Effects in Power Generation
Henrik Meyer, Poul Erik Morthorst, Lotte Schleisner
Niels I. Meyer*, Per Sieverts Nielsen*, Vilhjalmur Nielsen*

* The Technical University of Denmark, Lyngby

RECEIVED
APR 2 4 1997

O&TI

VOL 2 8 HH 5

Ris0 National Laboratory, Roskilde, Denmark
December 1996



Ris0-R-938(EN)

Assessment of Environmental External
Effects in Power Generation

Henrik Meyer, Poul Erik Morthorst, Lotte Schleisner
Niels I. Meyer*, Per Sieverts Nielsen*, Vilhj£lmur Nielsen*

fThe Technical University of Denmark, Lyngby

MASTER
0ISFRSVTON OF THIS DOCUMENT 18 UNUMTTED

Rise National Laboratory, Roskilde
December 1996



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original



Abstract

This report summarises some of the results achieved in a project carried out in Denmark
in 1994 concerning externalities. The main objective was to identify, quantify and - if
possible - monetise the external effects in the production of energy, especially in relation
to renewable energy technologies.

The report compares environmental externalities in the production of energy using
renewable and non-renewable energy sources, respectively. The comparison is
demonstrated on two specific case studies. The first case is the production of electricity
based on wind power plants compared to the production of electricity based on a coal-
fired conventional plant. In the second case heat/power generation by means of a
combined heat and power plant based on biomass-generated gas is compared to that of a
combined heat and power plant fuelled by natural gas.

In the report the individual externalities from the different ways of producing energy are
identified, the stress caused by the effect is assessed, and finally the monetary value of
the damage is estimated. The method is applied to the local as well as the regional and
global externalities.

The report is an extract of the Danish report "Omkostningsopgorelse for
miljoeksternaliteter i forbindelse med energiproduktion" financed by the Danish Energy
Agency (j.nr. 51191/92-0067). In connection with the project a seminar report in
English also has been published: "Seminar on External Effects in the Utilisation of
Renewable Energy" (Rise National Laboratory & Technical University of Denmark,
September 1993).

ISBN 87-550-2239-1
ISSN 0106-2840
Grafisk Service, Riso, 1996

Riso-R-938(EN)



Contents

1. INTRODUCTION

2. PROJECT DELIMITATION

3. METHODOLOGY

4. ASSESSMENT OF EXTERNALITIES 11

4.1 WIND ENERGY 11
4.2 CONVENTIONAL COAL-FIRED CONDENSING PLANT 13
4.3 C H P PLANT FUELLED BY BIOMASS 15
4.4 C H P PLANT FUELLED BY NATURAL GAS 18

5. MONETISING LOCAL AND REGIONAL EXTERNALITIES 20

6. MONETISING GLOBAL EXTERNALITIES 23

7. CONCLUSION 26

!K---:XT
BLANK

Riso-R-938(EN)



1. Introduction
This report summarises some of the results achieved in a project carried out in Denmark
in 1994 concerning externalities. The main objective was to identify, quantify and - if
possible - monetise the external effects in the production of energy, especially in relation
to renewable energy technologies.

The project has been carried out in a collaboration between the Technical University of
Denmark and Ris0 National Laboratory. The following persons have participated in the
project:

Henrik Meyer, Rise National Laboratory
Poul Erik Morthorst, Rise National Laboratory
Lotte Schleisner, Rise National Laboratory
Niels I. Meyer, The Technical University of Denmark
Per Sieverts Nielsen, The Technical University of Denmark
Vilhjalmur Nielsen, The Technical University of Denmark

The prices mentioned in the report are in ecu. The rate of exchange used is 1 ecu = 7.5
Dkr.
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2. Project delimitation

Two case studies have been considered in this project:

• A wind energy case, where wind turbines substitute a coal-fired condensing plant

• A biomass case, where a combined heat and power plant fuelled by biomass
substitutes a small-scale natural gas-fired combined heat and power plant (CHP-plant)

The externalities are thus assessed for four technologies: wind power, coal-fired
condensing plant, biomass CHP-plant and a natural gas CHP-plant. All are defined as
new highly developed technologies, ready to be introduced into the energy system. The
use of the technologies is assumed to be marginal to the system and not cause any
changes in the existing price relations.

In relation to the assessment of externalities, only the environmental costs are
considered. Thus, social and economic costs, e.g. those related to changes in
employment or depletion of resources, are not included in the project. The cost concept
is based on marginal damage cost, in principle taking as starting point the level of
pollution that exists today. A discount rate of 1.5% p.a. in real terms is used, reflecting
the time preference rate.

The external effects are assessed and split into three geographical areas:

• Local, which is damage occurring within a vicinity of 50 km from the plant
• Regional, relating to any damage occurring within a radius of 3000 km from the plant
• Global, damage attributed to greenhouse gases.

As mentioned above, the assessment of the marginal damage costs takes as it starting
point the level of pollution that exists today. This is possible when it concerns the local
and regional effects, because most types of damage are identifiable today, but when the
assessment relates to global effects, these are not identifiable today. Thus, the treatment
of damage caused by greenhouse gases gives rise to a number of methodological
problems, requiring specific assumptions in the analysis.

Externalities in relation to greenhouse gas-produced damage are analysed using an
IPCC-scenario for the development of CO2 -emissions. According to IPCC, a doubling
of the CO2-concentration in the atmosphere will lead to an increase in the global average
temperature of approx. 2.5° C. A scenario is chosen where the doubling of CO2 in the
atmosphere is expected to take place within a 50 year time span, which means that by
2045 the mean global temperature will be 2.5° C higher than today. Damage caused by
this temperature increase is assessed in year 2045, mainly based on international
literature. To estimate an average damage cost over this fifty-year period a linear
relationship between the level of CO2 concentration in the atmosphere and the damage
level is assumed.
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Thus, from a methodological viewpoint the local/regional and global external effects are
treated quite differently, and adding the costs of these various effects to yield a total
should be done with caution. Finally, it should be pointed out that the uncertainties
related to the assessment of externalities are very high, especially regarding damage
caused by greenhouse gas emissions.
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3. Methodology

To ensure that all relevant externalities are taken into account a methodology involving a
number of steps were developed. Figure 1 shows the five steps that were included.

Identification

f
Quantification

T
Dose-response

•
Valuation

Monetarisation

Figure 1. Methodology for assessing externalities

The identification involves a description of all the processes in the energy production of
the specific technology. The processes include the total fuel and construction cycle of the
technology (cf. Figure 2). For a coal-fired power plant the fuel-cycle consists of the
mining of coal, its transportation storage, and electricity production, and finally, the
treatment of residuals. The plant is constructed, operated for a number of years, and
finally scrapped. Influences on the environment in these stages of the fuel-cycle and the
life-cycle of the plant are identified, although with regard to the construction and
scrapping of the plant only the related emissions from energy use are considered.
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Construction
of plant

Production
of fuel

Transport
and storage

Operation
of plant

Treatment of
residuals

Scrapping of
plant

Figure 2. Processes in the assessment of externalities

The identification is a preliminary structural analysis, where the environmental influences
from the energy production, and the damage caused by these influences are specified.
The environmental influences are classified in the following groups:

1. Emissions to air
2. Emissions to water
3. Emissions to soil
4. Sound disturbance
5. Electromagnetic radiation
6. Influence on flora and fauna
7. Influence on natural surroundings
8. Influence on traffic

The quantification step is a quantification of those influences that were estimated to be
important in the identification, for instance CO2-emission by combustion from a coal-
fired power plant.

Following this, the effects on the environment of the quantified influences are assessed in
dose-response functions. An example of this is how the emission of SO2 results in acid
rain, and how the damage from the acid rain can be quantified in terms of lost timber.

In the valuation step the aim is to estimate the monetary value of the damage. For
example, the price of lost timber or of fresh water .

Finally, the monetised value of the external effect might be calculated by multiplying the
results from the last-mentioned steps:

Monetising of the externality = quantity * dose-response* price
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Quantity is the quantified influence given from the quantification step, dose-response is
the damage that the quantified influence results in per unit, and the price is the price per
unit of damage. An example of the monetising is shown in Table 1.

Table 1. Example of monetising externalities

Monetised externality Influence Dose-response Value

Costs of loss in fresh water = CO2 * Loss in fresh water * Price of fresh water

($/GWh) (ton/GWh) (mVtonCO2) ($/m3)

10 Riso-R-938(EN)



4. Assessment of externalities

A serious problem in the assessment of the extent of the externalities is the uncertainty
related to the assessment. The uncertainty is due to different conditions, the main ones
being:

1. Insufficient knowledge of the dose-response effect.
2. The time horizon.
3. Irreversibility.

It is possible to reduce the first condition by more research in this area, but it is
impossible to reduce the uncertainty related to assessing externalities in a time horizon of
50 years. This means that all the externalities are subject to uncertainty, and the
externalities will therefore be estimated in an interval.

4.1 Wind energy
In the case of wind energy a 500-kW wind turbine and a small wind farm of 5 MW, i.e.
10 wind turbines, have been assessed. In order to be able to compare wind power with a
coal-fired plant a gas turbine is introduced together with the wind turbine as a back-up
technology for the wind turbine in periods without wind. The energy system wind
turbine/gas turbine will in this way be able to produce electricity at any time and is
therefore comparable to the coal-fired plant in this respect.

As the gas turbine is established as a back-up technology to the wind turbine system, it
will only be in operation in smaller periods. Therefore only externalities related to the
construction of the gas turbine will be considered in the following.

The processes that have been assessed in the identification process of the energy system
wind turbine/gas turbine are the following:

• Construction and establishment of the wind turbine
• Presence of the wind turbine
• Operation and maintenance of the wind turbine
• Scrapping of the wind turbine
• Construction of the gas turbine

For each process an identification of the environmental influences and a quantification of
the most important influences have been carried out.

The only influences identified in the construction and establishment of the wind turbine
are emissions to the air due to the energy used in the mining of the materials and
fabricating of the components of the wind turbine. The most important emissions in this
process are CO2, SO2 and NOX.

The presence of the wind turbine will influence the nature both in a visual and
recreational way. Visually the wind turbine will influence the horizon. This may have
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either a positive or negative effect depending on the viewer. The experience of a walk in
the nature may be disturbed by the presence of the wind turbine. This is the recreational
effect.

The influences identified for operating and maintaining wind turbines are as follows:

• Sound disturbance
• Electromagnetic radiation
• Influence on flora and fauna
• Emissions to air

Sound disturbance is an atmospheric influence caused by the operation of the wind
turbine.

The rotation of the blades gives rise to disturbing light reflections as well as
electromagnetic radiation at radio and television frequencies, which can disturb reception
in nearby residences.

Influence on flora and fauna is a mechanical influence due to the rotation of the blades.
This may influence the life of birds nearby the wind turbine, also there may be problems if
a blade is destroyed, hitting people on ground.

Emissions to the air are connected to the operation and maintenance of the wind turbine,
where the production of various new components will cause emissions.

Scrapping of the wind turbine will result in some emissions to the air, especially from the
burning of fibre glass.

The construction and operation of the gas turbine used as backup will also give rise to
emissions to the air due to the production of various materials to the gas turbine.

Of the above-mentioned influences only the following wind-energy related environmental
damages have been found relevant and important to quantify:

• Sound disturbance
• Emissions to air

The quantified influences and damages are shown in Table 2.

Table 2. Quantified influences and damage for wind energy

Influences

Emissions to air (g/kWh)

CO2

NOX

SO2

Sound disturbance

(residences /kWh)

Quantification

500 kW wind turbine

11-27

0.04-0.1

0.05-0.13

0.1-0.4* 106

Quantification

5 MW wind farm

11-27

0.04-0.1

0.05-0.13

0.05-0.2* 106
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4.2 Conventional coal-fired condensing plant
The assessment of the environmental externalities in connection with energy production
based on coal is related to a conventional coal-fired condensing plant with a rated
capacity of 350 MW. The plant is a marginal one equipped with a desulphurisation unit
able to remove 85% of the SC^-emission and de-NOx burners reducing the NOx-emission
about 70%.

The following processes are assessed:

• Construction of the plant
• Fuel cycle
• Presence and operation of the plant
• Scrapping of the plant

The fuel cycle consists of various processes as shown in Figure 3. As seen from the
figure there is no national transportation of coal in Denmark. The reason for this is that
the coal is transported by ship directly to storage in the harbour in the area of the coal-
fired plant.

Mining

National transportation

International
transportation

Storage, dumping

Combustion,
electricity production

Figure 3. The fuel cycle

Each of the four processes: Construction of the plant, fuel cycle, presence and operation
of the plant and scrapping of the plant has been assessed in regard to environmental
influences and damage. The influences identified for all the processes are as follows:

• Emissions to the air
• Emissions to the ground
• Emissions to the sea
• Sound disturbance
• Influence on flora and fauna
• Influence on natural surroundings
• Influence on traffic

Riso-R-938(EN) 13



Emissions to the air will occur in all the processes due to production of materials, coal
emissions from the mining, transportation of coal by ship, storage of coal and electricity
production.

Emissions to the ground are caused by the storage of fly ash during the electricity
production process.

Emissions to the sea occur from oil leakage during transportation of the coal by ship.

Sound disturbances are present in many processes. During the mining there will be
machinery noise, during transportation there will be noise from railways and by coal
loading, and in the electricity production process itself and the operation of the power
plant there will be sound disturbances.

The influence on flora and fauna is caused by the presence of the mine; during the
electricity production process there will be an influence on flora and fauna due to the
desulphurisation process, where large amounts of chalk will be excavated. Also the
presence of the plant will be a disturbing influence on the nature in the area.

Influence on nature experience is also caused by the presence of the mine and by the
presence of the plant.

The transportation of coal by railway and by vehicles from the mines will affect the
normal flow of traffic, but also transportation to and from the plant by personal during
operation will affect the traffic.

Of the above-mentioned influences the following most important ones have been
quantified:

• Emissions to the air
• Sound disturbance
• Influence on flora and fauna

The quantified influences and damage are shown in Table 3. Some of the emissions will
take place at sea. These emissions at sea will not cause any damage in connection with
acid rain.
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Table 3. Quantified influences and damage for coal
Influences

Emissions to air (g/kWh) at land

C02 equivalents

N0x

SO2

Particles

voc
NMVOC

Emissions to air (g/kWh) at sea

NOX

SO2

Sound disturbance/ Influence on flora and fauna

(residences /kWh)

Quantification

350 MW coal plant

875-1018

1.03-1.21

1.15-1.32

0.17-0.19

0.02-0.03

0.04-0.06

0.47-0.79

0.35-0.58

1.9-7.4*10 -9

4.3 CHP plant fuelled by biomass
The combined heat and power plant fuelled by biomass, which has been assessed in
relation to environmental externalities, is a decentral CHP plant fuelled by wood chip
gas. The plant consists of a fluid-bed gasification plant followed by gas and steam
turbines. The plant has a capacity of 40 MW. In the assessment of externalities the heat
efficiency is assumed to be 200%, while the electricity efficiency is 40%.

The processes that are assessed are the following:

• Construction of the plant
• Fuel cycle
• Presence and operation of the plant
• Scrapping of the plant

The fuel cycle consists of the processes shown in Figure 4.
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Preparation of land

Production and planting of cuttings

Cultivation

Crops

Storage, drying, cutting

Transportation to CHP plant

Combustion, electricity production

Ash treatment

Figure 4. Fuel cycle for biomass

Each of the processes has been assessed in regard to environmental impacts. The
following impacts have been identified:

• Emissions to air
• Emissions to soil
• Emissions to ground water
• Sound disturbance
• Influence on flora and fauna
• Influence on natural surroundings
• Influence on traffic
• Wear and tear on roads

Emissions to air will occur in all processes due to the production of materials, cultivation
of energy forest and cutting of wood chips. The transportation of wood chips to the
plant and emissions to the air will also occur during the energy production. Emissions to
air is therefore quite an important impact from the biomass cycle.

Emissions to ground is an impact caused by the cultivation of the energy forest, as the
fertiliser contains nitrate, which will be emitted to the ground. Also the use of herbicides
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will cause emissions to the ground. This kind of impact is especially attached to the
cultivation of biomass.

Emissions to ground water is like the emissions to ground, an impact caused by the
cultivation of the energy forest, and thereby especially attached to biomass.

Sound disturbance will take place especially during the fuel cycle process. The use of
tractors and harvest machines will cause noise, and the cutting of wood chips will cause a
lot of noise. Finally, the transportation of wood chips by trucks to the CHP plant will be
a noise disturbance.

The influence on flora and fauna is a result of cultivation of the energy forest, as the
cultivation will change the flora and fauna in the cultivated area.

The influence on natural surroundings is one caused by an increase of humus in the
ground due to the cultivation. This increase will make the willow grow very fast to a
height of 4-6 meter. The growth will be very crowded and solid blocking the view.

Finally, the traffic and the roads will be influenced by the heavy transportation of wood
chips to the CHP plant by trucks.

The above-mentioned impacts have been assessed, but only the most important have
been quantified and monetised. These impacts are as follows:

• Emissions to air
• Emissions to ground
• Influence on traffic
• Wear and tear on roads

The quantified influences and damage are shown in Table 4.

Table 4. Quantified influences and damage for biomass

Influences

Emissions to air (g/kWh)

CO2 equivalents

NOX

SO2

Particles

NMVOC

NH3

Emissions to ground

(m3 groundwater/kWh)

Influences on traffic / wear and tear
(m/kWh)

Quantification

40 MW biomass CHP plant

63-150

1.4-2.1

0.095-0.19

0.031-0.063

1.6-16

0.12-0.14

0-0.002

1.1-3.2
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4.4 CHP plant fuelled by natural gas

The plant that is analysed in order to assess influences and externalities is a decentral
combined heat and power plant fuelled by natural gas. The plant has a capacity of 45.6
MW. In the assessment of externalities the heat efficiency is assumed to be 200%, while
the rest of the natural gas consumption will be used for electricity production. Hereby the
production efficiency of the electricity will be 55.6%.

The processes that are assessed are the same as for the biomass plant:

• Construction of the plant
• Fuel cycle of natural gas
• Presence and operation of the plant
• Scrapping of the plant

The fuel cycle of natural gas consists of various processes as shown in Figure 5.

Recovery of natural gas from the North Sea

Cleaning of natural gas

Transmission to the CHP plant

Combustion, energy production

Figure 5. Fuel cycle for natural gas

For the processes: Construction of the plant, fuel cycle of natural gas, presence and
operation of the plant and scrapping of the plant, the following impacts have been
identified:

• Emissions to air
• Emissions to sea
• Sound disturbance
• Influence on traffic

Emissions to air is the most important impact in the natural gas cycle. The emissions to
air will take place during the construction of the plant due to material production, and
during the recovery of natural gas, as there will be an emission of natural gas to the
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atmosphere in this phase. Also the energy use for production of platforms will cause
emissions to the air. Finally, emissions to the air are a result of the energy production
based on natural gas.

Emissions to sea are a result of the recovery phase, where leaks of oil may occur from
the platforms. These leaks will cause pollution of the sea.

Sound disturbance will be present during the energy production as a result of the
operation of pumps, turbines etc., but the noise will be noticeable only very close to the
plant.

During the construction of the pipeline for natural gas local traffic will be influenced due
to the work of digging ditches for the pipes. However, this effect will be only of limited
duration.

Of the above-mentioned impacts the emissions to air is the most important from the
natural gas cycle. The quantification of the emissions is shown in Table 5. As shown in
the table some of the emissions will be those at sea, but will have no effect on
acidification.

Table 5, Quantified influences from natural gas

Influences

Emissions to air (g/kWh) on land

CO2 equivalents

NOX

SO2

Particles

NMVOC

Emissions to air (g/kWh) at sea

NOX

SO2

Particles

Quantification

45.6 MW natural gas CHP
plant

382-415

0.83-0.9

0.012-0.034

(3.8-4.2)*105

0.054-0.079

0.086-0.092

~0

(1.7-1.9)*106
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5. Monetising local and regional externalities

The quantified local and regional influences are summarised in Table 6.

Emissions to air from wind power are based only on the energy expended in the initial
construction of the plant. For wind power the influence of noise/visual impact on nearby
residents is especially important. Coal-fired plants have the highest impact regarding
gaseous emissions, especially SO2. Approx. 35% of SO2 and approx. 55% of NOX

emissions from coal arise from sources abroad. The amount of emissions to ground in
connection to the biomass plant is so small, that it will be neglected in the monetarisation
phase.

Table 6. Quantified local and regional influences

Influences

Local

Emissions to air, particles (g/kWh)

Emissions to ground

(m3 groundwater/kWh)

Influences on residences/kWh

Increased transportation (m/kWh)

Increased wear and tear (m/kWh)

Regional

Emissions to air (g/kWh)

-SO;

-NOX

- NMVOC

Wind power

0.1-0.4* 10"6

0.05-0.13

0.04-0.1-

Coal-fired
plant

0.17-0.19

1.9-7.4* 10-9

1.15-1.32

1.03-1.21

0.04-0.06

Biomass
plant

0.03-0.06

0-0.002

1.1-3.2

1.1-3.2

0.1-0.2

1.4-2.1

1.6-16

Natural
gas plant

~0

0.01-0.03

0.83-0.9

0.05-0.08

The dose-response functions for the local/regional externalities are shown in Table 7.

Table 7. Dose-response for local and regional externalities

Consequences

Local

Health effects

• Illness

Death

Regional

Loss in forestry

Loss in agriculture

Health damage

• Stay in hospital

• Loss of working days

Influence

Particles

Particles

SO2,NOX

SO2

Particles

Particles

Dose-response

1.9-6.7 days/ton

0.7-1.8* 10 ̂ dead/ton

0.4-1.6 ton biomass/ton

0.15-0.6 ton biomass/ton

0.05-0.2 stays/ton

11.3-40.0 days/ton

20 Riso-R-938(EN)



In general, a considerable variation is found in the dose-response estimates, mainly due
to inhomogeneties in the categories. Most of the dose-response estimates are based on
studies carried out for the European Commission (ref. 1). The dose-response functions
have been adjusted Danish conditions with regard to the amount of biomass, yield,
population, etc. Monetary valuations of the damage are listed in Table 8 for the local and
regional areas. The estimates are based on Danish market prices.

Table 8. Costs of local and regional consequences

Consequences

Health effects

• Illness (loss of working days)

• Stays in hospital

• Death

Loss in fresh water

Loss in agriculture

Loss in forestry

Damage to buildings / monuments

Visual, recreational, noise damage

Unsafe traffic

Wear and tear on roads

Price

99- 149 ecu/day

343-568 ecu/day

0.44-0.7 mill, ecu/life

0.2-0.5 ecu/m3

145-185 ecu/ton yield

53-85 ecu/ton tree

185-1320 ecu/ton SO2

30-90 ecu/kWh/year

0.05-0.07 ecu/km

0.02-0.03 ecu/km

The valuation of human life is based on the loss of salary. The yearly salary in Denmark
has been set to 235.000 ecu on average and the length of a working life is estimated to
40 years. The rate of discount is set to 1.5%. Death caused by the emission of particles is
on average assumed to happen after 17.5-22.5 years of working life, and the valuation of
human life is therefore estimated to the loss of salary for the years remaining,
corresponding to a loss of 0.44-0.7 mill, ecu/life.

Figure 6 shows the monetised local and regional externalities.
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Figure 6. Monetised local and regional externalities

Concerning local externalities, the most important are influences on residences (noise and
visual impact) and increased transportation, and these are significant only for wind power
and biomass, respectively. For regional externalities only damage to buildings (including
monuments) really matters, and this is especially important for coal-fired and biomass
plants.

In general, the estimated local and regional externalities are found to be moderate. The
main reason for this is that the analysis is performed for new highly developed
technologies. Using existing average plants in the analysis would have increased the level
of emissions substantially.
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6. Monetising global externalities

The global emissions that have been quantified in the project are CO2, CH4, CO and
N2O. These emissions have been converted to CO2 equivalents by means of global
warming potential factors (GWP). The quantified and calculated CCVequivalents for the
four technologies are given in Table 9.

Table 9. Quantified global influences

CCh-equivalents

(g/kWh)

Wind power

11-27

Coal-fired plant

875-1018

Biomass plant

63-150

Natural gas plant

382-415

The emission of greenhouse gases is considerable for the coal-fired power plant, while
the emission of these gases and particulates in the wind power case is limited to what
takes place in the construction of the plant. Dose-responses for global emissions are
shown in Table 10. As mentioned, the dose-responses are evaluated for year 2045, given
a doubling of the concentration of CO2 in the atmosphere by that year.

Table 10. Dose-response for global emissions

Consequences

Increased mortality, dead

Loss in fresh water, m3

Loss in agriculture, ton yield

Loss in sealand, km2

Loss in mainland, km2

Year 2045

(damage/Gton CO2)

5,500-22,000

0.3-2.7* 10'°

0.9-3.8 * 106

80-230

40-120

The costs of the damage caused by greenhouse emissions are evaluated for 2045 as well
(cf. Table 11). The global dose-response functions are based on various international
studies (ref.2, ref.3, ref.4). Concerning death related to global warming the valuation of
human life is based on the loss of salary as for the local and regional externalities, but for
the global externalities the difference in salary in various parts of the world are
considered.

Some of the consequences, listed in Table 11, are not evaluated using dose-response
functions, but monetised directly in relation to the influence (emission).
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Table 11. Costs of global consequences year 2045

Consequences

Increased mortality

Loss in agriculture

Loss in forestry

Loss in biodiversity

Coast protection

Loss in sealand

Loss in mainland

Room heating / cooling

Tourism

Loss in fresh water

Price, year 2045

(1993 prices)

0.13-0.54 mill, ecu/life

105-264 ecu/ton yield

0.07-0.11 * 103 mill. ecu/Gton CO2

0.13-1.06 * 103 mill. ecu/Gton CO2

0.01-0.15 * 103 mill. ecu/Gton CO2

1.06-3.04 mill, ecu/km2

1.06-3.04 mill, ecu/km2

0.15-0.63 * 103 mill. ecu/Gton CO2

0-0.3 * 103 mill. ecu/Gton CO2

0.2-0.5 ecu/m3

Figure 7 shows the total monetised global externalities year 2045. The most important
monetised externalities are increased mortality due to the temperature increase, and the
loss of fresh water. Other externalities, as the losses in agriculture and forestry, have only
marginal contributions.

Coal-fired power plants have the largest monetised value for the global externalities,
while those related to wind power can almost be neglected.

It must be stressed that uncertainties related to the evaluation of the global externalities
are very high, and that only those types of damage that can be identified today are
included. Without doubt, a number of future externalities, not accounted for in the study,
will most likely arise. For that reason, the monetised global externalities in this study
most probably will account for only a subset of total externalities related to the
greenhouse effect.

Using the assumption of a linear relationship between CO2-concentration in the
atmosphere and the global damage of the temperature increase, and a discount rate of
1.5% pa. (real terms), the average value of the monetised externalities amounts to a little
less than half of the values shown in Figure 7.
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Figure 7. Monetised global externalities, year 2045
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7. Conclusion

The Danish project has carried out an analysis of the environmental externalities related
to four technologies: Wind power, coal-fired condensing plants, biomass CHP-plants and
natural gas CHP plants.

Due to differences in methodology, the analysis was split into two parts: one for
local/regional externalities and the other for global externalities.

Concerning the local/regional externalities the following was found:

• The most important monetised values relate to damage to buildings and monuments
(acid rain), influences on residences (noise, visual impact) and increased
transportation.

• The highest monetised externalities are found in relation to coal-fired power plants
and biomass CHP-plants.

In general, the monetised externalities are moderate, mainly due to the use of new, highly
efficient technologies in the analysis.

Regarding the global externalities the following was found:

• The most important monetised externalities are increased mortality and loss of fresh
water.

• Coal-fired power plants are seen to have the largest monetised externalities, while
those for wind power are almost negligible.

• Evaluating global externalities today is highly uncertain. The monetised global
externalities can be expected to constitute only a subset of the total existing and future
global externalities.
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